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Dog serum was dialyzed and fractionated in the same manner. Most of the antiproteinase activity was found in peak 3 and this activity contained both antielastase activity and strong antitryptic activity. Partially purified alpha,-antitrypsin chromatographed in the same position as peak 3. Therefore, the column behavior of the lavage antiproteinase (antielastase in peak 2) was quite different than the behavior of the serum antiproteinase (anti-elastase + antitrypsin in peak 3).
Acrylamide gel electrophoresis in phosphate buffer at pH 7.0 containing 1 percent sodium dodecyl sulfate of the individual column peaks from lung lavage fractionation showed marked enrichment of a high molecular weight component in peak 2 as compared to the other three protein peaks. Molecular sieving using sepharose 4B supported the idea that the lung antiproteinase was of high molecular weight (>250,000). The lung antiproteinase was heat labile and precipitated by organic solvents.
Immunologic techniques demonstrated that there were also immunologic differences between this lung antiproteinase and serum antiproteinase. Antisera were prepared against whole dog serum as well as against unfractionated lung antiproteinase. Crude antiproteinase reacted with both antisera in Ouchterlony plates. Using irnmunoelectrophoresis the crude antiproteinase showed at least three arcs with anti-dog serum and at least two arcs against anti-serum to the lung inhibitor. The partially purified antiproteinase of peak 2 showed multiple a m against anti-dog serum. None of the arcs was coincident with the arc formed against partially purified dog alpha,-antitrypsin.
This lung antiproteinase, while it showed immunologic cross-reactivity with certain serum proteins, was also differentiated from known dog serum antiproteinases on the basis of inhibition studies against two purified enzymes, trypsin and elastase. Using 6 pg of trypsin, with casein as substrate, 260 pg of serum protein was required to give 50 percent inhibition of enzyme activity while lung antiproteinase showed no inhibitory activity. When 5 pg of pancreatic elastase was used with t-BOC-alanyl-p-NO, phenyl ester as substrate, 100 pg of serum protein gave 50 percent inhibition while only 30 pg of lung inhibitor protein was required to give the same degree of inhibition. Preliminary experiments suggest that there is a similar antiproteinase present in lavage of human lungs.
These data suggest that there may be a unique anti- 
Dr. Weinbaum:
We lavaged the bronchial tree independently and we can get the low molecular weight material. However, we get less than 5 percent of large molecular weight anti-proteinase. The latter seems to be localized in the peripheral airways as opposed to the bronchial tree.
Human Respiratory Tract Secretions. T he mechanisms controlling secretion by human tracheobronchial glandular and surface epithelial cells are poorly understood. Essentially nothing is known about control of secretion of specific macromolecules. Canine trachea discharges increased amounts of tritiated, probably mucous glycoprotein, macromolecules in response to acetylcholine chloride, but not in response to norepinephrine bitartrate, bromhexine hydrochloride, or histamine &phosphate.' By autoradiographic criteria, up to 180 percent more gland cells in human bronchial explants take up 8H-glucose and discharge tritiated material when bathed for 4 hours in medium containing acetylcholine., The semi-quantitative design of this study, as well as uncertainty about the nature of intracellular substances labeled with 3H-glucose emphasizes the need for additional quantitative data. We have employed an organ culture systemS and chemical as well as The mucosa and submucosa of postmortem trachea from, patients dying without significant pulmonary disease, and surgically-excised nasal polyps from allergic subjects were maintained in medium 199 containing 1 x lWpm SH4-Dglucosamine, 6xlOBdpm "So' , 100 pg,ml gentamicin, and 1 rg/ml amphotericin B as previously outlined.8 Multiple petri dishes, each containing 100-200 mg of explanted tissue fragments, were incubated for two successive periods, initially for 20-24 hours ( period 1 ) and then for an additional four hour period (period 2). Agents to be tested for their effect on macromolecule release were added to certain dishes at the start of period 2 while other dishes served as controls. Media were removed after each of the culture periods, thoroughly dialyzed, and analyzed for total protein,' lysozyme,6 mucous glycoprotein sugar residue6 and macmmolecular 8H and "SO4 content.3 These labeled compounds are incorporated largely into mucous glycoproteins by explanted human tracheal epithelium.3 Variability of the secretory capacity from one set of explants to another was controlled by expressing data as a ratio of period Uperiod 1 discharge rates. Multiple sections of randomly selected control and treated explants were examined histologically after hematoxylineosin and alcian blue (pH 2.5)-periodic acid Schiff ( AB-PAS) staining. Morphologic alterations of tissues exposed to the test drugs were not observed.
Effect of Cholinergic and

RESULTS
Incubation of tracheal explants with 1, 10, and 100 ,~g/ml methacholine chloride increased the discharge rate for both lysozyme and mucous glycoproteins. This response was proportional to the log of the methacholine concentration. In six paired experiments, 30 &rnl of this cholinergic agonist doubled the rate of release of both lysozyme and mucous glycoproteins (Fig 1) . Re-FIGURE 1. Methachdine stimulation of secretion by human tracheal explants. Period 2/period 1 (=/PI) ratios of the discharge rate for each parameter are graphed for control and methacholine treated explants. =/PI ratios for lymzyme and the mucous glycoprotein sugar residues are approximately 1, indicating that the explants maintained a constant secretory rate throughout the 2 experimental periods. The standard error of the mean is indicated for each parameter. Data were analyzed using the t test for matched pairs. Fig 1 ) . Statistical analyses compare ratio differences between methacholine and methacholine plus atropine treated tissues. lease of total protein was less responsive to methacholine because serum proteins such as albumin difFuse into medium from the vascular spaces and plasma cells secrete immunoglobulins independent of cholinergic control during both culture periods. Histochemical studies showed similar amounts of intracellular and lumenal much stores in 2 4 control and 2-4 methacholine treated explants from two experiments.
FIG~RE 2. Inhibition of methacholine stimulation with atropine (See legend for
Methacholine stimulation of macromolecule release was quantitatively blocked in six additional experiments by simultaneously adding 30 pg/ml atropine sulfate to the culture medium (Fig 2) . No difference in period 2/period 1 discharge rate ratios was observed for control and methacholine plus atropine treated tissue. Tracheal epithelium from full-term neonates, children, young adults, and elderly adults responded similarly to cholinergic stimulation. Nasal polyp epithelium, shown histologically to contain few, if any, submucosal glands but abundant goblet cells, did not respond to cholinergic stimulation.
In contrast, no augmentation of macromolecule release by tracheal epithelium was effected by 0.5 to 25 ,g/ml isoproterenol hydrochloride in four experiments, or by 10 norepinephrine bitartrate in two experiments. Similarly, in two experiments protein release by nasal polyp epithelium was not altered by these alpha and beta adrenergic agents.
Our results confirm the widely-assumed role of cholinergic mechanisms in the control of secretion by human tracheobronchial glands, and suggest that goblet cell function is independent of this control. Although cholinergic agents stimulate the release of both mucous glycoproteins and non-much proteins equally, their effect on synthesis of these proteins is unclear. Histochemical observations showing no marked depletion of tissue much stores after prolonged methacholine stimulation, suggest that this agent either directly or indirectly triggers increased much synthesis. The nature of the cholinergic control mechanism ( s ) is also unknown. Ultrastructural demonstration of nerve terminals containing agranular vesicles between human bronchial gland cells7 suggests that these glands possess parasympathetic innervation.
If so, methacholine and atropine may be interacting competitively with muscarinic cholinergic receptors on the membrane of secreting cells to initiate protein release. A less specific effect on protein release by these cells cannot be ruled out. Human tracheobronchial glands and respiratory tract goblet cells, like canine tracheal epithelium,l apparently are independent of alpha or beta adrenergic control. The lungs of albino rats, body weight 100-200 gm, were perfused via the pulmonary artery with Hanks' balanced salt solution ( calcium and magnesium free ) until no more blood could be removed. They were then perfused with 15 ml of a 0.1 percent -sin solution followed immediately by 50 ml of a solution of 0.1 percent collagenase plus elastase, 4 units/ml. A four-minute exposure to these enzymes rendered the lungs extremely soft. The lungs were gently mashed, remnants of tracheobronchial tree were removed, and the tissue was passed through a 200-micron filter. The filtrate was washed and suspended in medium 189. This method yielded 30-60 x 10s cells per animal, and viability, as assessed by dye exclusion, was greater than 90 percent. Solutions having densities in the range 1.01 gm/ml to 1.12 gm/ml were prepared using ( 1 ) colloidal silica ( Ludox ) plus polyvinyl pyrrolidone (PVP) and ( 2 ) Ficoll dissolved in isotonic salt solution. Ludox-PVP solutions have several useful properties; among these are: low viscosity, easily adjusted pH and osmotic pressure, and clumping of cells is negligible. In comparison, Ficoll solutions are viscous, they have osmotic pressures which are difficult to measure (and, therefore, to adjust) and they cause cells to clump.
Aliquots of 3-4 x 10s cells were layered on several ml of each of the single-density solutions and centrifuged at 365 g for 12 minutes. The cells that remained floating on top of each of the solutions were recovered by aspiration and counted. The percentage of the original sample which remained floating on a given density was considered to be equal to the percentage of cells of the total population whose densities were less than the density of the solution.
From these data it is possible to obtain a histogram of the distribution of rat lung cells over the density range 1.01-1.12. Over 90 percent of the cells of a total homogenate fall within this range. 
